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S63-160852 
SPECIFICATION 

[TITLE OF THE INVENTION] Laminated Ink-Jet Head 
[WHAT IS CLAIMED IS:] 

A laminated inlc-jet liead whicli is an inlc-jet tiead of a 
drop on-demand type comprising a plurality of ink droplets 
discliarging mechanisms, eacli constituted by a nozzle, a 
pressure chamber connected to said nozzle and an ink supplying 
path connected to said pressure chamber, with the respective 
ink supplying paths communicating with a single common ink 
chamber so that, upon recording, an electrical to mechanical 
conversion element placed on each of said pressure chambers is 
driven so that ink particles are discharged from the nozzle, 

characterized in that the ink droplets discharging 
mechanisms are placed in a vertically laminated manner, with 
portions including the pressure chambers of the laminated ink 
droplets discharging mechanisms except for the nozzles, being 
arranged with offsets in a staggered structure, in that the 
respective communication paths are bent so as to allow the 
respective nozzles to be aligned in one row, with the respective 
ink supplying paths being successively connected to one ink 
chamber, and in that Bimorph structural bodies are provided on 
the upper and lower portions of said pressure chamber. 
DETAILED DESCRIPTION OF THE INVENTION 
[INDUSTRIAL FIELD OF THE INVENTION] 



The present invention relates to a laminated ink- j et head , 
and more specifically, concerns a laminated ink- jet head that 
constitutes a drop on-demand type ink- jet head used for a 
printer for carrying out data output of an information 
processing device . 
[PRIOR ART] 

Conventionally, an ink- j et head , shown is Fig. 6, has been 
known as one example of the head of this type. Fig. 6(a) shows 
a plane view. Fig. 6(b) shows a plane view in which an elastic 
plate has been excluded, and Fig. .6 (c) is a cross-sectional view 
taken along line A-A' in Fig. 6(a) . As illustrated in these 
Figures, the head of this type has an ink droplets discharging 
mechanism that is provided with a nozzle 12 for discharging ink 
droplets 11, a pressure chamber 13 for allowing the ink to 
generate pressure, a directing path 14 for propagating and 
transporting the pressurized ink from the pressure chamber 13 
to the nozzle 12, an ink chamber 15 for temporarily storing 
externally-supplied ink inside the head, and a supplying path 
16 for supplying the ink from the ink chamber 15 to the pressure 
chamber 13; and in this arrangement, two plates, which are a 
nozzle plate 17 for forming the ink droplets discharging 
mechanism and an elastic plate 18 for constituting a pressure 
chamber 13 together with the nozzle plate 17 , are joined to each 
other, and, for example, a piezoelectric element 19 is bonded 
onto the right above portion of the pressure chamber 13 as an 
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electrical to mechanical conversion means. A voltage 
corresponding to a recording signal is applied onto both of the 
surfaces of this piezoelectric element 19; thus, the 
piezoelectric element 19 is elastically changed so that the 
elastic plate 18 is distorted to generate an instantaneous 
volume change in the pressure chamber 13 . This volume change 
generates a pressure wave in the ink inside the pressure chamber 
13, and this pressure wave is transmitted to the nozzle 12 
through the directing path 14 so that the ink droplets 11 are 
discharged from the nozzle 12 by abruptly increasing the 
pressure of the ink inside the nozzle 12. These ink droplets 
11 are allowed to adhere to a recording medium, thereby carrying 
out a printing process. After the applied voltage has been 
removed, ink is supplied into the pressure chamber 13 through 
the supplying path 16 from the ink chamber 15 , and the respective 
nozzles 12 are also filled with ink due to surface tension of 
ink meniscus (irregularity of the liquid face) 20, thereby 
returning to the initial state. Japanese Examined Patent 
Publication No. 53-12138 is exemplified as a document 
disclosing such a head. 

Moreover, in the ink- jet head, shown in Fig. 7, which is 
one example of a conventional head for printing Chinese 
characters, 12 ink droplets discharging mechanisms are 
respectively placed on the surface and rear surface of the 
nozzle plate 17 in a manner so as to place nozzles 12 in a two-row 



staggered arrangement; thus, 24 ink droplets are discharged 
from the nozzles 12, and this is shifted laterally to print a 
Chinese character constituted by a 24 x 24 dot matrix. 
[PROBLEMS TO BE SOLVED BY THE INVENTION] 

However, in order to record a Chinese character with an 
enhanced printing quality of 32 x 32 dot matrix, 32 nozzles 12 
are required. In other words, 16 ink droplets discharging 
mechanisms are required per one side face, and its pattern 
arrangement is no longer achieved by the conventional structure 
due to its limitation, and the head becomes greater with an 
increased weight, necessitating a greater motor and the 
subsequent large-size printer at high costs. Moreover, in the 
case when a pattern arrangement is made forcefully, the optimal 
value of the dimension of each ink droplets discharging 
mechanism is exceeded, thereby failing to achieve the desired 
performances . 

An object of the present invention is to solve the 
above-mentioned problems and to provide a laminated ink- jet 
head of the drop on-demand type, in which ink droplets 
discharging mechanisms are laminated with the pressure chambers 
being arranged with offsets in a staggered structure in the 
upper and lower ink droplets discharging mechanisms so that it 
is possible to easily provide a number of dots. 
[MEANS OF SOLVING THE PROBLEMS] 

The laminated ink- jet head of the present invention is 



achieved by an arrangement in which: the ink droplets 
discharging mechanisms are placed in a vertically laminated 
manner, with portions containing the pressure chambers thereof 
except for the nozzles, being arranged with offsets in a 
staggered structure so as to prevent the adjacent pressure 
chambers from interfering with each other, and the respective 
communication paths are bent so as to allow the respective 
nozzles to be aligned in one row, with the respective ink 
supplying paths being successively connected to one ink chamber, 
and in this arrangement, Bimorph structural bodies are provided 
on the upper and lower portions of the pressure chamber. 
[EMBODIMENT OF THE PRESENT INVENTION] 

Hereinafter, embodiments of the present invention will 
be described with reference to figures. 

Fig. 1 is a perspective view showing an outer shape of 
one embodiment of the present invention, and the present head 
is constituted by members having a piezoelectric property . Fig . 
2(a) is a cross-sectional view taken along line A-A' of Fig. 
1, Fig. 2(b) is a cross-sectional view taken along line B-B 
of Fig. 1, and Fig, 2(c) is a cross-sectional view taken along 
lineC-C of Fig. 1. As illustrated in the cross-sectional view 
of Fig. 2(a) , the ink droplets discharging mechanisms are not 
placed along one straight line, and when the respective ink 
droplets discharging mechanisms are laminated and placed, they 
are placed with offsets in a staggered structure so as to prevent 



the adjacent pressure chambers 13 from interfering with each 
other, and the directing paths 14 are bent so as to align the 
respective nozzles 12 along one row when viewed from the 
discharging direction, with the supplying paths 16 being 
successively connected to one ink chamber 15. Moreover, 
Bimorph structural bodies are placed on the upper and lower 
portions of the pressure chamber 13, The Bimorph structural 
body is arranged so that paired back-face electrodes A, B22-a 
and B22-b are placed at positions apart from the respective 
upper and lower wall faces of the pressure chamber 13 with 
predetermined distances , and front-face electrodes A , B21-a and 
B21-b are placed at positions apart from the respective 
back-face electrodes A, B22-a and B22-b with predetermined 
distances , The front-face electrode 21 is connected to a signal 
generating source and the back-face electrode 22 is connected 
to ground. When a voltage is applied to the front-face 
electrode 21, an electric field is generated between the 
front-face electrode 21 and the back-face electrode 22, and a 
distortion is generated due to the electrostrictive effect of 
the material filling the gap. No electric field is generated 
between the back-face electrode 22 and the pressure chamber 13 
so that no distortion is generated in this gap; however, a 
bending moment is generated by the distortion generated between 
the front-face electrode 21 and the back-face electrode 22 so 
that a flexible distortion is exerted toward the pressure 



chamber 13 along the length direction and the width direction 
of the pressure chamber 13; thus, a volume change is generated 
in the pressure chamber 13. This volume change causes a 
pressure wave in the ink inside the pressure chamber 13 so that 
the pressure wave is transmitted to the nozzle 12 through the 
directing path 14; thus, the ink pressure inside the nozzle 12 
abruptly rises so that ink droplets 11 are discharged from the 
nozzle 12. Since these Bimorph structural bodies are placed 
on both of the sides of the pressure chamber 13, this is allowed 
to sufficiently function with a comparatively low voltage in 
comparison with the prior art head shown in Fig. 7 . With respect 
to the Bimorph structural bodies, as illustrated in Figs. 2(b) 
and 2 (c) , an electrode space 23 is placed between the respective 
front-face electrodes 21 so as to prevent electrical 
interference such as a leak electric field and mechanical 
interference such as flexible distortion between the Bimorph 
structural bodies on the upper and lower ink droplets 
discharging mechanisms. Therefore, with respect to a 
predetermined number of nozzles, for example, 32 nozzles, this 
arrangement is achieved by repeatedly laminating the above- 
mentioned ink droplets discharging mechanisms . In other words , 
the above-mentioned arrangement makes it possible to provide 
a head that is free from the limitation of the number of nozzles . 

Next, an explanation will be given of a detailed 
construction and a manufacturing method for achieving the head 



of the present invention. Fig. 3 is a perspective view that 
shows one portion of Fig. 1 that corresponds to a thin film that 
is laminated in the manufacturing process . A nozzle plate A24 , 
shown in the uppermost portion of Fig. 3, is provided with a 
nozzle 12, a directing path 14, a pressure chamber 13, a 
supplying path 16, an ink chamber 15 and an electrode space 23 
placed as a vacancy, and on the surface of a piezo plate A25, 
formed by a piezo-electr ic material located below, a front- 
face electrode 21 is placed at a position corresponding to the 
electrode space 23, and at the corresponding position on the 
rear face thereof, a back-face electrode 22 is placed, with the 
ink chamber being also placed. Further, below this, a piezo 
plate B26 is placed, and this has a shape formed by reversing 
the surface and rear faces of the piezo plate A25 as they are. 
Moreover, below this, a nozzle plate B27 is placed, and this 
also has a shape formed by reversing the surface and rear faces 
of the nozzle plate A24 . The ink- jet head of the present 
invention is obtained in the following processes: these four 
basic plates are laminated with many sets of layers , and at last, 
to the upper and lower ends of these layers are joined a piezo 
plate C28 without an electrode, a piezo plate D29 that is the 
same as the piezo plate A25, and a bottom plate 30 without any 
ink chamber 15; and in this structure, next, a back plate 31 
having ink supplying holes 32 is bonded to the face 
corresponding to the ink chamber 15. 
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Conventionally, electronic parts using ceramics, such as 
capacitors, resistors, inductors, printing substrates and 
varistors, have achieved great developments in providing small 
sizes, high performances and high reliability, by using a 
laminated ceramic processing technique in which a green sheet 
method is used. By further developing this technique, a 
laminated ceramics ink- jet head using a vacancy-forming 
technique has been proposed by the same applicant in Japanese 
Unexamined Patent Publication No. 60-243220. In accordance 
with this vacancy-forming technique, a photosensitive resin, 
which is decomposed to disappear in a binder-removing process 
of a laminated ceramics process, is used, and as illustrated 
in Fig. 4, a photomask having a vacancy pattern constituted by 
a nozzle section 12 ' , a directing path section 14' , a pressure 
chamber section 13', a supplying path section 16', an ink 
chamber section 15' , an electrode space section 23' and a frame 
33 is exposed by ultraviolet rays so that a vacancy formation 
member 34 thus patterned is obtained. As illustrated in Fig. 
5, these vacancy formation members 34 are laminated together 
with ceramic green sheets 35 having electrodes 36 printed at 
positions corresponding to the pressure chambers 13, as many 
as the number required. Thereafter, this laminated body is 
subjected to a binder-removing process and a sintering process 
so as to form a sintered body. Moreover, the vacancy formation 
member 34 is decomposed in the binder-removing process so that 




the spaces , occupied by the vacancy forming pattern , are allowed 
to form vacancies in the ceramics formed by deformed ceramic 
green sheets after the sintering process. Since the pattern 
of the vacancy formation member 34 is formed through a 
photolithography technique, this has high precision, and makes 
it possible to provide a fine, complex pattern, and the vacancy 
formation member 34 is laminated, and by optimizing the 
processing conditions during the sintering process, it is 
possible to form vacancies with high precision in ceramics while 
maintaining high precision in the vacancy forming pattern . The 
application of the above-mentioned vacancy forming technique 
makes it possible to easily manufacture a laminated ink-j et head 
having a construction as shown in Figs. 1 to 3 . 
[EFFECTS OF THE INVENTION] 

By using the above-mentioned arrangements, the present 
invention makes it possible to provide an ink-j et head with not 
less than 32 dots which is conventionally considered to be 
difficult to manufacture, and allows this to discharge ink 
droplets with a low voltage, and the ink-j et head is allowed 
to have a height close to a predetermined recording height and 
a small-size construction with a comparatively narrow width, 
and the application of a vacancy forming technique of ceramics 
makes it possible to provide high mass producing property and 
high reliability, and also to make a printer smaller, lighter 
and inexpensive. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view showing an outer shape of 
one embodiment of the present invention; Figs. 2(a) , 2(b) and 
2(c) are respectively cross-sectional views taken along line 
A-A' , line B-B ' , and line C-C of Fig. 1 ; Fig. 3 is a perspective 
view that shows one portion of Fig. 1 that corresponds to a thin 
film that is laminated in the manufacturing process; Fig. 4 is 
a perspective view of a vacancy formation member used in the 
manufacturing process of the head of Fig . l;Fig. 5 is an exploded 
cross-sectional view of laminated layers in the manufacturing 
process of the head shown in Fig. 1; Fig. 6 is a typical 
structural drawing of a conventional ink- jet head of a drop 
on-demand type; and Fig. 6(a) is a plan view. Fig. 6(b) is a 
plan view from which an elastic plate is removed. Fig. 6(c) is 
a cross-sectional view taken along line A-A' ; and Fig. 7 is a 
typical structural drawing that shows a conventional head of 
collection type. 

12 nozzle, 13 pressure chamber, 15 ink chamber, 

17 nozzle plate, 18 elastic plate, 21 front-face 

electrode, 22 back-face electrode, 23 electrode space, 

34 vacancy formation member, 35 ceramic green sheet. 
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[ENGLISH TRANSLATION OF FIGURES] 
FIG. 1 
(D Nozzle 

© Electrode space 

FIG. 2(a) 

(B) Ink droplets 

d) Electrode 

(5) Ink chamber 

© Directing path 

(7) Pressure chamber 

® Supplying path 

FIG. 2(b) 

(9) Back-face electrode A 
(S) Front-face electrode A 
® Electrode space 

FIG. 2(c) 

13 Pressure chamber 
FIG. 3 

® Electrode space 

(2) Nozzle 

(3) Front-face electrode 
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(4) Back-face electrode 
© Pressure chamber 

(6) Ink chamber 

(7) Nozzle plate A 
® Piezo plate A 
® Back plate 

® Ink supply hole 
® Bottom plate 

FIG. 4 

© Electrode space section 
® Ink chamber section 
® Supplying path section 
© Pressure chamber section 
® Vacancy formation member 
® Directing path section 
® Frame 

® Nozzle section 
FIG. 5 

® Ceramic green sheet 

(2) Print electrode 

® Vacancy formation member 



FIG. 6 



® Piezoelectric element 

© Nozzle 

© Directing path 

© Pressure chamber 

© Supplying path 

© Ink chamber 

® Elastic plate 

® Ink droplet 

© Nozzle plate 

® Meniscus 

FIG. 7 

® Piezoelectric element 
© Elastic plate 
© Nozzle 

® Pressure chamber 
© Nozzle plate 
® Ink chamber 



